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The Crossbar Switch 


By J. N. REYNOLDS 
Apparatus Engineer 


HE problem of telephone 

switching, or how best to con- 

nect any one telephone line to 
any other, has always been of funda- 
mental importance to telephone engi- 
neers. It is an extremely complicated 
problem, however, and may be sub- 
divided in various manners, depend- 
ing on the aspects to be particularly 
stressed or the degree of detail with 
which it is to be studied. One con- 
venient division is into systems prob- 
lems and apparatus problems. The 
first group arises primarily because of 
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Fig. 1—The step-by-step switch includes 
100 groups of terminals and one brush 


the very large number of lines that 
must be capable of being inter- 
connected, and considers trunking 
schemes and circuits. The second is 
concerned with the actual switching 
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apparatus used to make connections 
between lines and trunks. The two 
phases of the main problem are not 
unrelated, since the form of circuits and 
system employed may affect the type 
of apparatus required, and conversely 
the type of apparatus available af- 
fects to a considerable extent the type 
of system that must be provided. 

In the crossbar switch there is made 
available a distinctly different type of 
switch, and one that offers very defi- 
nite advantages over previous types. 
Its most effective utilization will re- 
quire a somewhat different system of 
trunking and different circuits, but 
neither of these latter aspects need be 
considered in pointing out the essen- 
tial nature and advantages of the 
crossbar switch itself. It is necessary, 
however, to indicate the basic char- 
acteristics of the earlier forms of 
switching to illustrate the specific dif- 
ference of the crossbar type. 

The type of switch that is used al- 
most exclusively in manual telephone 
systems (using ‘“‘switch” in the broad 
sense as any means of connecting one 
wire or circuit to another) is the plug 
and jack. A trunk or line is perma- 
nently connected to a jack, and an- 
other trunk or line is connected to a 
plug—either directly or through some 
other connecting device; and to make 
the desired connection, the operator 
picks up the plug, locates the jack of 
the line or trunk desired and pushes 
the plug into it. When mechanical 
methods of switching were developed, 
they followed the basic principle of 
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Fig. 2—The panel unit consists of 60 multipled terminals in each of 100 rows, and a 
brush is provided for each of the 60 terminals of the multiple 


plug and jack, but the jacks were re- 
placed by small metal terminals ar- 
ranged in compact banks, and the 
plugs were replaced by brushes. These 
were made to slide along the terminals 
of the bank until they reached the 
terminal of the desired line, when a 
connection would be made. Two 
forms of machine switching have been 
widely used in this country: the step- 
by-step, and the panel system. In the 
step-by-step system one brush is em- 
ployed for each bank, and it moves 
both vertically and horizontally until 
the desired terminal is reached. With 
the panel system, the brushes move 
only vertically, but the banks are 
larger, and accommo- 
date a number of 
brushes operating over 
parallel vertical paths. 

The arrangement of 
the step-by-step switch 
is illustrated in Figure 

Terminals for one 
linesortrunks © 
are arranged inabank 
consisting of ten rows 
of ten sets of terminals 
each. One brush is pro- 
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vided for each such bank, and when 
notin useit rests below the bottom row 
of terminals at the extreme left of the 
bank. The terminals in the bank cor- 
respond to the jacks of the manual 
system, and the brush corresponds to 
the plug. To establish a connection 
the brush is moved: up by the action 
of a magnet, which lifts it one row for 
each operation; and then across the 
row horizontally by another magnet 
which moves it one contact in the 
horizontal direction for each opera- 
tion. To connect the trunk associ- 
ated with the brush of this bank to 
trunk 97, for example, the brush 
would be “‘stepped” up to the 9th row 
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Fig. 3—In the crossbar unit two sets of terminals are 
mounted in place of the one set that is used in the step-by-step 
and panel systems and sliding contacts are eliminated 
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and then over to the 7th terminal. 

The banks of the panel system also, 
for the most part, have terminals for 
100 lines, but instead of being ar- 
ranged in a square array they are all 
mounted one above the other, and the 
banks are thus one hundred sets of 
terminals high. There are sixty sets of 
terminals in each horizontal row— 
thirty on one side of the bank and 
thirty on the other. All the terminals 
in the same row, however, are con- 
nected together so that they repre- 
sent only one line or trunk. Instead of 
one brush at the bottom, as with the 
step-by-step switch, there are sixty— 
one for each column of terminals on 
each side as indicated in Figure 2. 
The brushes on one side are assigned 
even numbers and those on the other 
side, odd numbers. Here, as in the 
step-by-step system, the terminals in 
the bank correspond to jacks, and the 
brushes, to plugs. The brushes are 
driven upward at a uniform rate by 
a motor-driven friction drive at the 
bottom of the frame, which usually 
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Fig. 4—Simplified schematic cf the selection elements of a 


crossbar switch 
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consists of five such banks, each with 
its own set of brushes. 

Both of these systems work very 
satisfactorily under conditions for 
which they are most suitable. There 
are two respects, however, in which 
improvement seemed possible. One js 
that with either system a compara. 
tively complex mechanism is required 
to operate the brushes. The other js 
that a sliding contact is required, and 
the terminals and brushes must be of 
some durable metal to withstand the 
wear. Unfortunately, the harder met- 
als do not have as low contact re- 
sistance as the softer precious metals 
such as silver, and are more subject to 
the formation of poorly conducting 
surfaces. The crossbar switch brings 
improvement in both of these condi- 
tions. It avoids sliding contacts and 
thus facilitates the use of precious 
metal contacts, and it accomplishes 
the required connections with a much 
simpler mechanism. It does this by 
employing an entirely different and 
much more direct method of switching. 

In the manual sys- 
tem, and in both the 
step-by-step and panel 
systems, which resem- 
ble it in this respect, 
the members of one set 
of terminals are banked 
together, and the mem- 
bers of the other set, 
|| which are to be con- 
nected to those of the 
first, are arranged to 
be moved up into con- 
tact with them. In the 
crossbar system all 
such necessity of mo- 
tion is avoided by 
mounting a pair of 
contacts at each posi- 
tion in the bank, and 
by eliminating the 
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brushes completely. The arrangement 
is as shown in Figure 3. One contact 
of each pair is multipled with the cor- 
responding contacts of the other pairs 
in the same column, and the other 
contact of each pair is multipled with 
the corresponding contacts of the 
other pairs in the same row. The hori- 
zontal multipling corresponds to that 
of the panel system, while the vertical 
multipling is as though the brushes 
of the panel bank had been provided 
in multiple with as many brushes in 
each column as there were rows. In- 
stead of moving up a brush, therefore, 
it is necessary only to close the con- 
tacts at the proper position in the 
bank to make the desired connection. 
The motion of the brush is avoided. 
The only movement required is that 
of a mechanical link to close the re- 
quired set of contacts. 

How this is accomplished is indi- 
cated by the simplified diagrammatic 
sketch of Figure 4. Between each pair 
of horizontal rows is a bar running 
completely across the bank, which 
may be rotated a small amount in 
either direction around its axis by the 
action of two magnets and armatures 
at one end. Wires projecting inward 
toward the contacts are attached to 
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Fig. s—The crossbar switch has § selecting bars and thus 10 horizontal rows of contact 
groups, and up to 20 holding bars and thus 20 rows of vertical contact groups 


these bars at each intersection with 
the vertical columns. With the hori- 
zontal, or selecting, bars in their mid- 
positions these wires, or selecting 
fingers as they are called, lie between 
the two rows of contacts, but when 
the bar is rotated in one direction the 
fingers move up to lie across the backs 
of the contacts in the row above it, 
and when it is rotated in the other di- 
rection, the fingers are moved to lie 
across the backs of the contacts in the 
row below, as indicated by the dotted 
lines in Figure 4. 

Along each column of contacts is a 
vertical, or holding, bar which—when 
rotated by a magnet and armature at 
one end—moves a vertical bar inward 
to press against all the selecting fin- 
gers in that column. If none of the 
selecting bars are operated when the 
holding bar moves in, the fingers will 
merely be pushed down between the 
rows of contacts and no connection is 
made. If one of the selecting bars is 
operated, the fingers of that bar will 
lie across the backs of one row of con- 
tacts, and when the holding bar oper- 
ates, the contact at the intersection of 
the selecting and holding bars that 
are operated will be moved into con- 
tact by the action of the holding bar 
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against the finger which, in turn, lies 
across the back of the contact spring. 
The holding bar remains operated 
during the period of the call, but the 
selecting bar returns to normal im- 
mediately after the holding bar has 
operated. When the selecting bar re- 
turns to the central position, all the 
fingers return with it except the one 
held by the holding bar, thus leaving 
the selecting bar free for another se- 
lection with a different holding bar. 
The fingers are small and readily flex 
over the small arc of rotation of the 
selecting bars. 

The actual appearance of a crossbar 
unit is shown in Figure 5, and in par- 
tially schematic form in Figure 6. 
There are five selecting bars, and thus 
ten horizontal rows of contacts; and 
there are twenty holding bars, and 
thus twenty vertical rows of contacts, 
although other numbers of holding 
bars may be used. The contacts them- 
selves are similar to those of an ordi- 
nary relay and each contact in Figure 
3 represents several contacts in the 
actual switch. Similarly each of the 


contact points indicated in Figures 1 
and 2 really represents a group of con. 
tacts in the step-by-step or panel 
banks. In the crossbar system, more. 
over, twin contacts of precious metal 
are provided, thus giving greatly in- 
creased assurance that a good connec. 
tion will be made. 

The gain in simplicity of operation 
is very obvious. In the step-by-step 
system, for example, the upward mo- 
tion of the brush is caused by one 
magnet operation for each row the 
brush passes over, and similarly for 
the horizontal motion. In the panel 
system upward motion is caused by 
operating a clutch at the bottom of 
the frame, and then the brush is 
driven upward at a uniform speed by 
a power drive. The upward motion is 
actually accomplished in two steps, 
separated byaslight pause. In thecross- 
bar switch, however, only two magnet 
operations, one immediately following 
the other, are all that are required. 

The avoidance of sliding contacts in 
the crossbar system is equally ob- 
vious. The contacts are merely pressed 
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Fig. 6—Partial perspective of the crossbar switch 
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together as in a relay when a connec- 
tion is made, and no sliding in the 
ordinary sense occurs. 
By this adoption of a new basic 
scheme of switching, and by the pro- 
vision of a suitable mechanical method 
of operation, it has been possible to 
provide a distinctly new type of dial 
switching. It is much too early to 


make predictions as to the extent of its 
ultimate use or the net improve- 
ments that will accrue from its em- 
ployment, but it offers opportunity 
for shortening the switching time and 
for decreasing the maintenance. Ap- 
paratus has been manufactured, and 
the first trial installation in a dial 
central office is now going forward. 


Several specimens of pressure-testing plugs are being subjected by 
H. Baillard to life tests at elevated atmospheric temperatures 
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A Power Amplifier Tube for Ultra-High 


Frequencies 


By A. L. SAMUEL 
Vacuum Tube Development 


HE development by the Lab- 

oratories of an amplifier tube 

capable of handling a moderate 
amount of power at frequencies as 
high as 300 megacycles per second 
now makes possible an appreciable 
extension of the usable portion of the 
radio-frequency spectrum. The use of 
conventional vacuum tubes at these 
very high frequencies has been found 
unsatisfactory because of certain ef- 
fects which at lower frequencies are of 
secondary importance. For an ap- 
preciation of these effects, certain 
concepts are necessary. 

One of them has to do with the 
time required for the electrons to 
travel from the cathode to the anode 
within the tube structure. This time 
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is the so-called electron-transit time. 
At low frequencies it can be neg- 
lected; at high frequencies it must be 
considered. One effect it produces is a 
lag in the phase of the output current 
with respect to the grid potential. The 
calculation of this delay is compli- 
cated by an important distinction 
which must be drawn between the 
rate of arrival of electrons at the plate 
and the plate current. As an electron 
approaches the plate it induces in that 
plate an image charge. The magni- 
tude of this charge varies with the 
proximity of the electron to the plate. 
The flow of current in the conductor 
to provide this charge actually con- 
stitutes the plate current. Viewed in 
this light the component of plate cur- 
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rent due to any given electron com- 
mences to flow when this electron 
leaves the cathode and ceases to flow 
at the instant of the electron’s arrival 
at the plate. Nevertheless, the net ef- 
fect of the transit time, as may be 
shown by a detailed analysis, is to 
produce an appreciable phase differ- 
ence between the grid potential and 
the plate current. 

A further consequence of the finite 
transit time is that under operating 
conditions (that is with alternating 
potentials on the tube electrodes) the 
electrons arriving at the plate will 
usually have velocities greater than 
the velocity corresponding to the po- 
tential of the anode at the instant of 
their arrival. The excess energy cor- 
responding to the greater velocity is 
obtained from the alternating com- 
ponent of the electrode potentials, and 
its dissipation at the plate in the form 
of heat decreases the useful output ob- 
tainable from the tube. Part of this 
energy comes from the grid circuit, 
and is responsible for the so-called in- 
put impedance or active grid loading. 
The practical effect of this input load- 
ing in an amplifier is to increase the 
power demands placed upon the input 
supply. Its effect is by no means 
negligible even at only moderately 
high frequencies, and at ultra-high 
frequencies this input loading becomes 
of major importance. 

A second important concept for the 
correct understanding of ultra-high- 
frequency tube design has to do with 
the increased importance played by 
the interelectrode capacitances and 
the lead inductances. The difficulties 
encountered in the use of the simple 
three-element tube as an amplifier at 
moderately high frequencies as a re- 
sult of feedback or singing caused by 
the interelectrode capacitances are, 
of course, well known. Such difficul- 
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ties are greatly increased at higher 


frequencies. They may be largely over- 
come by the use of a multi-element 
tube structure. At ultra-high frequen- 
cies, lead inductances common to both 
input and output circuits produce a 
similar effect, and so must be avoided 
in the tube design. 

The large charging current required 
by the interelectrode capacitances at 
high frequencies affects the cathode 
design. At low frequencies the rate at 
which electrons leave the cathode at 
any instant is identical with the rate 
at which they arrive at the anode. At 
high frequencies this is no longer true. 
The peak instantaneous emission may 
greatly exceed the value that would be 
required for operation under identical 
voltage conditions but at a lower fre- 
quency. The high charging current is 
also responsible for an increase in the 
resistance losses in the tube leads. The 
resistance of these leads is, of course, 
greatly increased at high frequencies 
because of the so-called “‘skin”’ effect. 
Resulting losses decrease the efficiency 
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Fig. 1—Perspective sketch of the new high- 


frequency double pentode 
345 


| 
q 
| 
1 
| 
He | 
| q 


of the tube and may, in a power tube, 
produce enough local heating to cause 
a more or less rapid deterioration of 
the lead-to-glass seals, which may 
ultimately destroy the vacuum. Short, 


Fig. 2—One of the grid structures of the 
new tube shown slightly more than three 
times actual size 


heavy leads are therefore required for 
ultra-high-frequency operation. 

The interelectrode capacitances to- 
gether with the lead inductances are 
responsible for still another difficulty. 
The frequency to which the input and 
output circuits of an amplifier may be 
tuned is set by the natural frequency 
formed by the interelectrode capaci- 
tances and their associated lead in- 
ductances. For most practical pur- 
poses the operating frequency of an 
amplifier must be well below these 
values. This places an upper limit on 
the permissible values that the inter- 
electrode capacitances and lead in- 
ductances can have. 

Many of the factors which have 
been discussed can be compensated by 
reduction in dimensions. It can be 
shown, in fact, that if all the dimen- 
sions of a vacuum tube are reduced in 
the same proportion, the trans-con- 
ductance, plate current, and amplifi- 
cation factor for fixed electrode po- 
tentials will remain unchanged while 
the values of interelectrode capaci- 
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tances, lead inductances, and electron. 
transit time will be reduced in direct 
proportion to the reduction in size. 
Unfortunately, a reduction in dimen. 
sions without a corresponding reduc. 
tion in all operating voltages is pos. 
sible only at the expense of an in- 
creased demand on the emission cap- 
abilities of the cathode. The required 
emission per unit area must vary in- 
versely as the square of the linear dj- 
mensions. Added to this is the in- 
creased demand caused by the high- 
frequency charging currents already 
discussed. The available emission js 
fixed by the character of the cathode 
surface, and cannot easily be in- 
creased. A proportionate reduction in 
cathode dimensions, therefore, is not 
feasible. Furthermore, the propor- 
tionate reduction of the anode dimen- 
sions would require an increase in the 
power dissipation per unit area— 
again inversely proportionate to the 
change in linear dimensions. While the 
heat-dissipating ability of the anode 
can be increased in a number of ways, 
most of these will increase the tube 
capacitances. The high grid tempera- 
tures which may result from the re- 
duction in dimensions also makes 
necessary the introduction of cooling 
provisions. Because of these effects 
one must combine a reduction of di- 
mensions with the introduction of 
special mechanical arrangements to 
overcome the otherwise harmful ef- 
fects of this reduction. 

All these factors have necessarily 
been taken into account in the de- 
velopment of the new tube. As may 
be seen in Figure 1, and somewhat in 
the photograph at the head of this 
article, it consists of two relatively 
large concentric metal cylinders and 
two sets of tube elements diametri- 
cally opposite each other outside the 
outer cylinder. The cylinders act as a 
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shield between the input leads to the 
control grid and the output side of 
the tube, as supports for the screen 
and suppressor grids and as a radio- 
frequency by-pass condenser between 
them, and as low-impedance leads 
interconnecting the two sets of screen 
and suppressor grids. The control 
grids are of an unusual design, con- 
sisting of a cooling fin to which are at- 
tached loops of tungsten wire encir- 
cling the thoriated tungsten filament. 
One of these is shown in Figure 2. 
These control grids project through 
the slots in the cylinders and are in 
turn surrounded by loops of wire at- 
tached to the inner and outer cylin- 
ders and acting as the screen and sup- 
pressor grids respectively. The con- 
trol grids are supported directly on 
their leads which project through one 
face of the tube envelope. The semi- 
cylindrical anodes are also supported 
directly on their leads which project 
through the opposite face of the tube 
envelope. This unusual construction 
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Fig. 3—Push-pull input shunting resist- 
ance as a function of frequency 
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is made desirable by the ultra-high- 
frequency requirements which have 
just been described. 

In spite of the unusual form of the 
tube, electrically it is the equivalent 
of two conventional negative-grid, 
pentode tubes. Its performance at fre- 
quencies as high as 300 megacycles is 
quite comparable with the perform- 
ance of conventional tubes at much 
lower frequencies. 

Operating characteristics and con- 
stants are listed in Table 1. Special at- 
tention is directed to the values of 
interelectrode capacitances and lead 
inductances. It will be observed that 
while the interelectrode capacitances 
are low they have not been reduced in 
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Fig. 4—Variation in input resistance with 
operating conditions at 150 megacycles 


proportion in the reduction of oper- 
ating wavelength. A more important 
feature, however, is the reduction of 
the lead inductances. 

For a tube which is to be used at 
ultra-high frequencies, certain char- 
acteristics not ordinarily considered 
are of particular significance. One of 
the most important of these is the 
active grid loss which, as already 
mentioned, comes about because of 
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appreciable electron transit time. Fig- 
ure 3 gives a plot of the push-pull in- 
put shunting resistance of this tube 
as a function of frequency. The value 
of 30,000 ohms at 150 megacycles is to 
be compared with 2,000 ohms, a typi- 
cal value for two conventional tubes 
in push-pull. At 300 megacycles the 
input resistance of the twin pentode is 
still above 6,000 ohms, while for con- 
ventional tubes it is so low as to make 
them entirely inoperative. The varia- 
tion in the input resistance with the 
operating conditions of the tube for a 


constant frequency of 150 megacycleg 
is shown in Figure 4. It is evident that 
if a high value of input resistance js to 
be realized, high anode potentials 
with low space currents must be used. 
The reduction in the filament-grid 
spacing made possible by the unusual 
construction is in a large measure re. 
sponsible for the improvement in the 
input resistance just noted. 

A characteristic measurable only at 
the operating frequency is the inter. 
action between the input and output 
circuits which results from the resid- 
ual value of the grid. 


TABLE I 


Filament current (each side) 
Filament potential (each side) 
Rated anode dissipation (each anode) 
Rated screen dissipation (each side) 


Direct control grid to control grid 
Direct plate to plate 


Control grid to plate (each side)........ 


Lead Inductances 


Rating as Class A Amplifier 


Operating Characteristics and Constants of the Double Pentode Tube 


At Anode and Screen Potentials of 500 Volts and Anode Current 
of 0.030 Ampere—Characteristics of each Side 


1250 micromhos 
200,000 ohms 


Interelectrode Capacitances (When Properly Mounted) 


0.02 micromicrofarad 
0.06 micromicrofarad 
Total control grid to ground (each side).. 3.8 micromicrofarads 
Total plate to ground (each side)........ 3.0 micromicrofarads 
0.01 micromicrofarad 


plate capacitance. This 
reaction differs from 
that predicted for the 
low-frequency capacity 


measurements on a 
.-15 watts 
.. 5 watts cold tube because of 


the inductance of the 
screen-grid lead, and 
because of the electron 
space charge. The re- 
action can be meas- 
ured by observing the 
variation in the input 
impedance resulting 
from the tuning and 
loading of the output 
circuit. Experimen- 
tally determined values 
are given in Figure 5. 

The double pentode 


Maximum direct plate potential.................. 500 volts tube has been found 
Maximum direct screen potential................. 500 volts 
Maximum continuous plate dissipation (each)...... 15 watts useful as a high quality 
Maximum continuous screen dissipation (total). . 10 watts class A amplifier, as a 
Maximum output at 150 megacycles with distortion class B amplifier, as a 
Nominal stage gain at 150 megacycles............ 20 decibels frequency multiplier, 
Nominal control grid potential................. ~45 volts and as a modulator at 
Rating as Class B Amplifier a of 300 pp 
Maximum direct plate potential............. 500 volts acycies per second an 
Maximum direct screen potential............ 500 volts below. Its performance 
Maximum space current (total).............. 150 milliamperes in these various modes 
Maximum continuous plate dissipation (each). 15 watts i ti : ste 
Maximum continuous screen dissipation (total) 10 watts or operation is qu 
Maximum output at 150 megacycles......... 10 watts comparable to the per- 


formance of conven- 
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Normal control grid potential................ —4§ volts 


tional pentodes of similar ratings at 
much lower frequencies. Stable opera- 
tion with some gain has been ob- 
tained at frequencies as high as 500 
megacycles. When operating as a 
class A amplifier at 150 megacycles, 
an output of I watt is obtained with 
the distortion 40 decibels below the 
fundamental. Under these conditions 
the stage gain is 20 decibels. Outputs 
of 10 watts with a plate efficiency of 
60 to 70 per cent and a gain of Io 
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decibels are secured when this tube is 
used for class B operation. 

The development of this tube dem- 
onstrates that power amplifier tubes 
of the negative-grid type are usable 
at higher power levels and frequencies 
than have been reported previously. 
This type of development removes a 
practical barrier which, up to the 
present, has prevented the successful 
utilization of frequencies that extend 
above one hundred megacycles. 
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Fig. 5—Input-output reaction determined 
experimentally at 150 megacycles 
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Rectifier for Telephone Power Supply 


By D. E. TRUCKSESS 
Equipment Development 


N small central offices the storage 

battery which supplies power for 

the telephone equipment is usually 
charged with a rectifier, such as the 
Tungar rectifier. Chargers of this type 
are equipped with two-element tubes 
and require a regulating device, usu- 
ally including a rheostat, which is 
wasteful of power and frequently re- 
quires manual control to maintain the 
voltage within the limits required by 
the telephone circuits. 

It is often not practicable to pro- 
vide manual control, particularly in 
outlying offices, and for such situa- 
tions a device is required which does 
not demand continuous attention. 
This need has been effectively met by 
a new type of rectifier with grid-con- 
trolled tubes, which automatically 
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maintains the charge in the battery, 
regulates its voltage and recharges it 
when necessary. 

The success of the device depends 
on the use of grid-controlled rectifier 
tubes, a recent development which 
has greatly extended the application 
of rectifier tubes to power problems. 
The addition of the grid does not give 
continuous control of the plate cur- 
rent as is the case in conventional 
three-element vacuum tubes but it 
makes it possible to control the time 
when the plate current begins to flow. 
This occurs when the grid voltage be- 
comes less negative than the critical 
breakdown grid voltage of the tube. 
With grid voltages more negative than 
the critical value, plate current can- 
not flow. As soon as the current starts, 
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however, the grid loses control and the 
magnitude of the plate current is de- 
termined by the load impedance and 
plate voltage. 

In this case the current will con- 
tinue to flow until the plate voltage is 


reduced to zero, hence an alternating- 


current voltage applied to the plate 
lets the grid regain control every 
cycle. This makes it possible to con- 
trol the output current of the tubes by 
changing the relative phase relations 
of the voltage applied to their grids 
and plates. When the grid voltage is in 
phase with the plate voltage the tubes 
will deliver maximum current by 
starting them at the beginning of each 
cycle, and when 180 degrees out of 
phase they will deliver no current 
since the plate voltage is zero when 
the tubes are to be started. The phase 
relation of the grid voltage can be 
changed by varying the resistance in 
one arm of a phase-shifting bridge 
circuit, which is the method used to 
regulate the rectifier’s output voltage. 

The details of the 
circuit are shown on 
Figure 1. The output 
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RECTIFIER 


plate-cathode resistance constitutes 
one arm of a bridge-type phase-shift- 
ing circuit, which includes two wind- 
ings of the transformer T2 and the 
condenser c1. The voltage across the 
bridge is applied to the grids of the 
rectifying tubes through the trans- 
former 13. As the battery voltage 
varies the regulator tube v4 varies the 
bias on the phase shifting tube v3, 
and changes its plate-cathode resist- 
ance. This shifts the phase of the grid 
voltage of tubes vi and v2, thus 
changing the output current from the 
rectifier in a direction to cause the 
battery voltage to return to the de- 
sired value, and in this way maintain 
a constant battery voltage. For man- 
ual control of the output the vacuum 
tubes v3 and v4 are disconnected 
and a rheostat is substituted for v3. 

If the rectifier output current ex- 
ceeds its capacity the rectifier is con- 
verted to constant-current operation 
and the battery is charged at a con- 
stant rate until its voltage reaches the 


of the plate transformer 
TI is applied to the 
grid-control tubes vi 
and v2. Retardation 
coil LI is used in the 
rectifier circuit to filter 
the direct-current out- 
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is obtained by ap- 
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plying the battery 
voltage to the screen- 
grid vacuum tube v4 
which amplifies the 
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fractional volt changes BRIDGE 
to several volts. The 
plate of this tube is 


Fig. 1—These rectifiers have two three-element grid-controlled 


connected to the grid mercury-vapor tubes whose output is automatically regulated 
of the three-element dy changing the phase relations of the voltages applied to 


vacuum tube v3 whose 
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their grids and plates 
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desired overcharge value. This is ac- 
complished automatically by the op- 
eration of a transfer relay, actuated 
by a current relay in series with the 
output of rectifier, which transfers the 
grid of tube v4 from resistor RI to the 
series resistor R2, in the negative out- 
put lead. The regulator maintains a 
constant voltage drop over R2 and 
thus a constant current output. When 
the desired overcharge voltage is 
reached a high-voltage alarm relay 
releases the transfer relay and returns 
the circuit to constant-voltage opera- 
tion. This permits the rectifier to be 
used in unattended offices as it can 
start automatically after a power fail- 
ure, charge the battery and return to 
normal floating operation without any 
adjustments from an attendant. It also 


permits the rectifier to be used in 
other than telephone power plants 
where the load on the battery may 
vary from no load to several times the 
capacity of the rectifier. 

The headpiece shows a rectifier of 
this type which has a DC output of 8 
amperes. It can be used at 132, 142, or 
152 volts with only an adjustment of 
taps on the RI resistance. 

This regulating circuit will main- 
tain the battery voltage constant 
within + % per cent for line voltage 
changes of +10 per cent, for load 
changes from no load to full capacity, 
and for room temperature changes 
from 10 to 40 degrees Centigrade. 
This is much better control than can 
be attained with unregulated recti- 
fiers equipped with two-element tubes. 


In this impact test for goggles, W. 8. Hayford is observing the effect 
of dropping a steel ball upon the glass from any desired height in a 
metal tube 
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News of the Month 


F. B. Jewetr has been appointed a 
member of a special committee of the 
National Research Council which will 
make a comprehensive survey of how 
radio, sound recording and reproduction, 
motion pictures, photography and other 
scientific achievements may be applied to 
promotion of learning. Dr. James B. 
Conant, President of Harvard University, 
is Chairman and Dr. Irvin Stewart, form- 
erly of the Federal Communications 
Commission, is Director. Other members 
of the committee are: Dean Vannevar 
Bush of Massachusetts Institute of Tech- 
nology, President L. D. Coffman of the 
University of Minnesota, Professor Ben 
D. Wood of Columbia University, Bethuel 
M. Webster, New York attorney, and 
Dr. Ludvig Hektoen, Chairman of the 
National Research Council. The first ac- 
tivity of the committee will be in the field 
of educational broadcasting and will con- 
sist of a survey of the work and experience 
of the National Advisory Council on 
Radio in Education. 

W. S. Gorton, speaking on The Meas- 
urement and Significance of Vibration in 
Buildings and Structures, concluded the 
1936-1937 season of the Colloquium on 
May to. A knowledge of the magnitude 
and character of the vibration in build- 
ings and structures is important because 
of the effect of vibration upon the safety 
or durability of the building or structure, 
the safety, durability, or functioning of 
its contents, and the comfort of its occu- 
pants. The principles underlying the var- 
ious methods of measurement were dis- 
cussed by Mr. Gorton and several instru- 
ments were described. He also gave an 
account of recent measurements of vibra- 
tion in a panel-dial office and of their 
bearing upon the problem of circuit noise. 

AN INFORMAL luncheon in honor of Dr. 
Jerzy Neyman of the University of Lon- 
don was held at the Fifth Avenue Hotel 
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on May 18. Dr. Neyman, who is one of 
the leading contributors to the theory of 
mathematical statistics in Europe, had 
just completed a lecture tour of the lead- 
ing universities in the East and Middle 
West. At the close of the luncheon, G. D. 
Edwards introduced Dr. Neyman, who 
made informal comments on his impres- 
sions of the United States and its students 
and pointed out the desirability of having 
an American Journal published devoted 
primarily to mathematical statistics. 
Those present, in addition to the guest, 
were G. D. Edwards, H. F. Dodge, H. G. 
Romig, T. C. Fry, E. C. Molina, R. I. 
Wilkinson, A. H. Inglis, P. S. Olmstead 
and A. Herckmans of the Laboratories; 
R. W. Burgess and R. T. Webster of the 
Western Electric Company; P. P. Cog- 
gins of the New Jersey Bell Telephone 
Company; H. M. Flinn, O. C. Richter, 
K. W. Halbert,.A. L. Scott and C. T. 
Smith of the American Telephone and 
Telegraph Company; and F. F. Stephan 
of the American Statistical Association. 

AT THE ANNUAL meeting of the New 
York Electrical Society, R. W. King was 
elected second vice-president and G. F. 
Fowler, treasurer. 

G. N. THAyer visited Washington to 
discuss the design and development of 
ultra-high frequency equipment with en- 
gineers of the Department of Commerce. 

P. H. Pierce attended a committee 
meeting of the Telephone and Telegraph 
Section of the Association of American 
Railroads in Pittsburgh. 

H. C. Rusty made a trip to Bristol, 
Connecticut, to discuss with members of 
the Ingraham Clock Company the design 
of wooden cabinets. 

A ConFERENCE at Chicago, called by the 
Bureau of Air Navigation to discuss pro- 
posed regulations for airplane radio equip- 
ment, was attended by E. L. Nelson, 
C. B. McKennie and W. A. Woods. 
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Miss A. K. MarsHatt gave an illus- 
trated lecture on The Use of Ultra-Violet 
in the Study of Living Cells at the meeting 
of the Women’s Field Army of the Ameri- 
can Society for the Control of Cancer at 
Schenectady on May 14. 

W. FonpiL_er visited Hawthorne to 
confer on the development and manufac- 
ture of various telephone apparatus. 

TERMINAL AND repeater points of the 
No. 1 Washington-Charlotte Type-C car- 
rier system were visited by A. A. Heber- 
lein, G. E. Moore and W. O. Sharp in con- 
nection with a trial of improved vacuum 
tubes. They also went to Southfields, 
New York, on a similar trial installation. 

AT THE SPRING convention of the So- 
ciety of Motion Picture Engineers held in 
Hollywood from May 24 to 28, a paper 
written by H. Pfannenstiehl entitled 
A High-Precision Sound-Film Recording 
Machine was presented by H. C. Silent of 
Electrical Research Products, Inc. 

SERGEANT KuBLER, representing Cap- 
tain R. A. Snook of the New Jersey State 
Police, visited the Laboratories to obtain 
information regarding the new method of 
making fingerprints visible by means of 
ultra-violet light which has recently been 
discovered by F. F. Lucas. 

E. L. Fisher and W. C. Batt visited 
Hagerstown and Frederick, Maryland, 
to observe special station protectors. 

J. E. Ross, at Point Breeze, discussed 
problems connected with the manufac- 
ture of fuses for station protectors. 

G. Dosson visited the New Jersey 
Bell Telephone Company in East Orange 
on maintenance practices in panel offices. 

H. S. Warren attended the Edison 
Electric Institute convention in Chicago. 

A Stupy or VotracE effects of connect- 
ing telephone-cable sheaths to power-sys- 
tem neutrals in the suburban area around 
Boston has been made by W. W. Sturdy, 
O. D. Grismore, R. W. Gutshall, C. W. 
Irby, R. R. Cordell and Miss E. M. 
Poche. These tests were under the direc- 
tion of the Joint Subcommittee on De- 
velopment and Research of the Edison 
Electric Institute and the Bell System. 
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C. L. Gilkeson represented the Edison 
Electric Institute on these tests. 

G. P. Tromp discussed with engineers 
at Hawthorne problems connected with 
the manufacture of the combined set, 

THE MANUFACTURE Of channel-selector 
filters for the Type-J and Type-K carrier 


systems was discussed by E. C. Hage- 
mann, E. S. Willis and A. W. Ziegler with 
engineers at Kearny. 

A. C. WALKER went to Washington in 
connection with the research program 
being initiated by a special committee of 
the U. S. Institute of Textiles. 

H. H. Guienn, at Point Breeze, dis- 
cussed substation cord problems. 

R. M. C. GREENIDGE spent a week at 
Hawthorne on the manufacture of loading 
coils of the molybdenum permalloy type. 

C. E. Lane and A. R. D’HEEDENE dis- 
cussed crystal filters with C. R. Avery 
and L. B. Butterfield at Kearny. 

Dr. R. L. Geruso has been appointed 
a member of the Executive Committee of 
the New York Chapter of the American 
Society of Metals. 

W. A. Evans, on May 19, spoke on the 
work of the American Society of Testing 
Materials on plastics before the Alumni 
of the University of Wisconsin at the 
Metals and Plastics Bureau in New York. 

K. G. Couttee and L. W. Ketsay 
spent several days at Point Breeze in 
connection with a new filling compound 
for the 98A protector. 

W., W. Werrinc, on May 26, visited 
Union College to discuss impact testing 
with Professor Sayre. 

H. O. StecMunp was at Hawthorne on 
dial and substation apparatus problems. 

E. C. and E. D. Mean dis- 
cussed the manufacture of the 5s0A 
drive and the I00-, and 102-type 
regulators at Kearny. 

THE PERFORMANCE Of several improved 
types of relays was observed by R. B. 
Bauer, J. S. Garvin, F. C. Kuch and W. J. 
Lacerte at the Bayonne central office of 
the New Jersey Bell Telephone Company. 

W. E. Campse t delivered a paper in 
abstract on the subject of Variables In- 
fluencing Static Friction Measurements 
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between Dry and Lub- 
ricated Metal Surfaces 
at the Spring meeting 
of the A.S.M.E. held 
at Detroit. 

FINISHING PROB- 
LEMS made it neces- 
sary for A. Berger to 
spend some time at 
the Kearny plant. 

S. O. Morcan and 
W. A. YAGER a*- 
tended a meeting of 
the Sub-Committee 
for Physics of the 
Committee on Insu- 
lation of the National 
Research Council at 
Washington. Mr. Yager spoke before this 
committee on The Distribution of Relaxa- 
tion Times in Some Typical Dielectrics. 

L. W. Gites was at Hawthorne in con- 
nection with receiver problems. 

A. R. Kemp spoke on Developments in 
Rubber as a Dielectric Material before the 
Boston section of the Rubber Division of 
the American Chemical Society. 

A. L. Samuet spoke on Negative Grid 
Tubes at Ultra-High Frequencies before 
the Connecticut Valley section of the 
I.R.E. at Springfield, Massachusetts. 

Harvey FLeTcHER discussed Neural 
Mechanism of Hearing at a meeting of the 
Otological Society held at the Lido 
Country Club on Long Island on May 27. 

R. C. Davis and H. A. Miocue visited 
Boston to discuss engineering problems 
connected with a new dial equipment for 
Lynn, Massachusetts. 

W. H. LicHTENBERGER attended a con- 
ference at Columbus, Ohio, with engi- 
neers of the Telephone Company and the 
Western Electric Company to discuss 
engineering problems relative to the cur- 
rent intertoll dialing project for Spring- 
field, Columbus and Dayton, Ohio. 

S. J. Brymer attended a conference at 
Hawthorne with engineers of the Pacific 
Telephone Company and the Western 
Electric Company regarding a new com- 
bined step-by-step and toll office at 
Stockton, California. 
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Harry Pfannenstiehl 


DEATH TOOK FROM us during the Me- 
morial Day week-end two of our associates 
whose careers were marked by important 
technical contributions and by wide 
friendships. Harry Pfannenstiehl, whose 
death occurred on May 29, had for many 
years been associated with the Com- 
mercial Products Development Depart- 
ment. A comprehensive sketch of his life 
will be found in the May, 1936, issue of 
the Recorp upon the occasion of his com- 
pletion of twenty-five years of service. 
His last contribution to the REcorp was 
in the May, 1937, issue where he pre- 
sented an article entitled Telephotograph 
Transmitter and Receiver. 1.W.Green, who 
died on May 28, retired from active serv- 
ice last September. Previous to his retire- 
ment he had been Station Instrumentali- 
ties Engineer of the Apparatus Develop- 
ment Department and had come to the 
Laboratories from the Department of De- 
velopment and Research of the American 
Telephone and Telegraph Company at 
the time of the 1934 consolidation. A 
biography of Mr. Green, written at the 
time he completed thirty years of Bell 
System service, will be found in the 
Recorop for July, 1935. 


* * * * * 


THE WEEK of May 16 was spent by | 


W. Babington, G. M. Bouton, E. E. 
Schumacher and J. A. Carr, together with 
representatives of Long Lines and O. and 
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E. Departments, studying the installation 
of aerial cable on the Atlanta cable line. 
AT THE SILVER Anniversary Conven- 
tion of the Institute of Radio Engineers 
held in New York City from May Io to 12 
the following papers were presented by 
members of the Laboratories: The Origin 
and Development of Radiotelephony by 
Lloyd Espenschied; Transoceanic Radio- 
telephone Development by Ralph Bown; 
Simple Method for Observing Current Amp- 
litude and Phase Relations in Antenna 
Arrays by J. F. Morrison; 4 Multiple 
Unit Steerable Antenna for Short-Wave 
Reception by H. T. Friis and C. B. Feld- 
man; and Higher Program Level Without 
Circuit Overloading by O. M. Hovgaard. 
THE MANUFACTURE of special contact 
screws for polarized relays was observed 
by J. R. Irwin, E. F. Kingsbury, W. A. 
Phelps and M. R. Purvis at Kearny. 

F. F. Srepert and C. W. Van Duyne 
were at the Delco plant in Rochester 
to discuss the design and development 
of kerosene engine-generator sets. 

G. B. THomas and R. J. HEFFNER at- 
tended the Spring meeting of the Middle 
Atlantic Section of the Society for the 


Promotion of Engineering Education, 
held at Rutgers University on May 1, 

J. H. Soxe was in Buffalo in connection 
with reserve engine-alternator sets and 
discussed machine design and regulation 
at Lynn, Schenectady and Fort Wayne, 

V. T. and H. M. Spicer 
were present at tests of portable engine- 
generator sets at West Chester, Penna, 

BATTERY CONFERENCES at Philadel- 
phia were attended by F. F. Siebert, H. L. 
Mueller and F. T. Forster. Mr. Mueller 
and Mr. Forster also observed battery 
operation at Hartford. 

W. J. THayer was at Hawthorne for a 
week to discuss the manufacture of the 
combined telephone set. 

L. C. Krazinski has been spendin 
some time at the South Bend-Toledo 
cable-carrier trial in connection with the 
cable balancing equipment. 

L. PEDERSEN has been in Norfolk, Vir- 
ginia, on tests of the 1o1-type concen- 
trator unit for teletypewriter service. 

GENERAL PROBLEMS pertaining to tele- 
phone systems were discussed with engi- 
neers at Hawthorne by W. H. Matthies, 
J. L. Dow and F. J. Scudder. 


MEMBERS OF THE LABORATORIES WHO COMPLETED TWENTY YEARS OF 
SERVICE IN THE BELL SystEM DurinG May AND JUNE 


Administration 
Apparatus Development Department 
Research Department 

June 23 
May 14 
June 2 

Transmission Development Department 


Systems Development Department 


June 20 
Personnel Department 
General Service Department 
Plant Department 
ee June 12 
Patent Department 
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Early experimental 
crossbar switching 
equipment installed 
for development at 
the Laboratories. 


I] 
Effects of molecular 


strains in metals 
are studied with this 
X-ray spectrometer. 


Testing the holding 
power of a drop-wire 
clamp. 


IV 


The later crossbar 
switching equipment 
in a trial installa- 
tion at the Troy cen- 
tral office, Brooklyn. 
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R. O. Riprere observed the operation 
of coin-box trunks in the step-by-step 
system at Stamford. 

G. A. Putuis spent several days in 
Newark on the trial installation of 135- 
cycle and 1000-cycle off-frequency alarm 
circuits and also on the trial installation 
of a 1000-cycle ringer oscillator. 

R. C. Davis, at Boston, discussed with 
engineers of the New England Telephone 
and Telegraph Company the preliminary 
engineering problems in connection with 
crossbar central office equipment. 

F. A. Korn spoke on general phases of 
circuit development before the Executive 
Staff meeting on May 3. 

L. E. Kress and J. T. L. Brown were 
in Hawthorne to discuss testing equip- 
ment for the new three-piece handset. 

R. W. Cuesnut was at Wichita and 
Stafford, Kansas, to observe the field 
trial of the Type-J carrier system. 

C. W. Lunp has returned from Stafford, 
Kansas, where he has been testing and ob- 
serving the performance of the repeaters 
of the Type-J carrier system. 

At Norrotk and Richmond, Virginia, 
J. A. Mahoney, F. S. Kinkead and C. W. 
Lucek have been working on the installa- 
tion of teletypewriter equipment, par- 
ticularly the 101-concentrator unit. 

DurRInG A WEEK’S visit at the Western 
Electric Company at Hawthorne, J. EF. 
Shafer discussed plans for the manu- 
facture of the 444 jack. 

L. L. Eacon visited Cleveland and 
Chicago to discuss with the telephone 
companies general toll maintenance mat- 


ters. He also spent several days in Aber- 
deen, South Dakota, in connection with a 
current toll installation involving new 
pad control and toll testing arrangements. 

MEASUREMENTS to determine the suit- 
ability of existing entrance cables at Day- 
tona Beach, Florida, for Type-J carrier 
systems are being made by H. B. Noyes 
with the assistance of engineers of the 
Long Lines Department. 

F. W. AmBerc and L. Hocucrar are 
investigating various crosstalk matters in 
connection with the Type-K carrier sys- 
tems between Toledo, Ohio, and South 
Bend, Indiana. 

P. T. Hiccins was in Chicago to discuss 
the manufactureofstep-by-stepapparatus. 

R. L. Kaytor made tests at carrier fre- 
quencies along open-wire toll routes in 
Mississippi, Alabama, Tennessee and 
Kentucky. 

H. S. Winsicter and A. F. 
were in Pittsburgh in connection with 
tests of a new common “C”’ battery cir- 
cuit for echo suppressors. 

* * * * * 

ON THE THIRTEENTH of last month a 
five-star emblem was conferred on Ste- 
phen Gasparick signalizing his completion 
of twenty-five years of service in the 
Western Electric Company and the Lab- 
oratories. Mr. Gasparick joined the 
manufacturing division of the Western 
Electric Company in 1912 but soon trans- 
ferred to a group in the Engineering De- 
partment constructing and assembling 
printing telegraph apparatus. Shortly 
after the formation of what is now the 


MEMBERS OF THE LABORATORIES TO WHOM Patents WERE IssuED DurRING 
THE MontTus APRIL AND May 


B. G. Bjornson R. D. Gibson G. A. Locke H. M. Stoller 

A. E. Bowen W. S. Gorton C. A. Lovell (2) L. K. Swart 

F. A. Brooks R. M. C. Greenidge W. P. Mason D. M. Terry 

E. Bruce R. O. Grisdale J. O. McNally V. P. Thorp 

R. S. Caruthers A. G. Hall E. R. Morton E. A. Veazie 

G. C. Cummings H. C. Harrison E. L. Norton G. Wascheck 

H. K. Duna R. B. Hearn (2) E. B. Payne (2) M. A. Weaver 

C. E. Fay F. S. Kinkead (2) J. E. Ranges R. L. Wegel 

K. E. Fitch C. Kreisher R. R. Riesz E. C. Wente 

E. W. Gent G. W. Kuhn V. L. Ronci H. D. Wilson, Jr. 
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Development Shop he 
transferred to this 
group as an instrument 
maker on sequence and 
rotary switches, clutches 
and other central-office 
machine-switching 
equipment. He also 
worked on the develop- 
ment of subscriber tele- 
phone set dials. 


During the War, Mr. 
Gasparick was associ- 
ated in the development 
of special automatic 
welding machines for 
the manufacture of vac- 
uum tube grids. Follow- 
ing this he continued his 
previous work in the Development Shop. 
Early in 1934, he transferred to the 
crystal laboratory of the Commercial 
Products Development where he was en- 
gaged in cutting, grinding and finishing 
quartz crystals. Since last September he 
has been located at the Summit Chemical 
Laboratory as mechanic in charge of 
building and shop facilities. 

* * * 

THE PRESENTATION of a five-star serv- 
ice emblem to R. H. Kreider on June 
twenty-fourth marks his twenty-fifth 
anniversary with the Western Electric 
Company and the Laboratories. Follow- 
ing his graduation from the Pennsylvania 


Stephen Gasparick 


State College in 1919 
with the degree of B.S. 
in Electrical Engineer. 
ing he enlisted in the 
student course at the 
Hawthorne plant of the 
Western Electric Com- 
pany. During the course 
considerable time was 
spent in installing emer- 
gency equipment at 
Omaha, Nebraska, re- 
quired after the tornado 
of 1913. Following the 
student course at Haw- 
thorne he entered the 
Equipment Engineering 
Department doing pro- 
ject engineering and 
later assisted the Merchandising Depart- 
ment with the cost estimating of non- 
associated telephone equipment. 

In the Spring of 1919, Mr. Kreider 
transferred to New York where he be- 
came associated with the development of 
machine switching equipment. Since1g25, 
as Trial Installation Engineer of the Sys- 
tems Development Department, he has 
had charge of all major field trials; and in 
his group has trained many of the new 
men for use as future systems develop- 
ment engineers. 

* * * * * 
J. T. Lowe of the Outside Plant Devel- 


opment Department completed twenty- 


R. H. Kreider 
[vi] 


F. T. Lowe 
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five years of service in the Bell System on 
the seventeenth of June. He received his 
B.M.E. degree from the University of 
Kentucky. in June, 1912, and the E.F. 
degree in 1930 from the same university. 
Following graduation in 1912 he imme- 
diately joined the student course of the 
Western Electric Company at Haw- 
thorne. At the completion of the course 
he entered the Hawthorne division of the 
Apparatus Development Department. In 
1914, Mr. Lowe transferred to this depart- 
ment in New York where he engaged in 
the development of apparatus for manual 
telephone systems. During the War per- 
iod he spent his time on the design of 
special signaling apparatus for the Army 
and Navy. In 1920, he entered the General 
Telephone Sales Department of the 
Western Electric Company on the sched- 
uling of telephone apparatus by complete 
projects and on pricing. 

Four years later Mr. Lowe joined the 
Department of Development and Re- 


ALBERT 


of the Development Shop completed thirty 
years of service on the sixth of Ffune 


search of the American Telephone and 
Telegraph Company where his work con- 
sisted mainly of the study of gasses en- 
countered in underground systems, spac- 
ing of open-wire pairs, insulators, and 
miscellaneous outside plant materials. 
During this time he developed the carbon 
monoxide detector which has been used 
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extensively to detect this gas in manholes. 
When the Department of Develop- 
ment and Research was consolidated with 
the Laboratories in 1934, Mr. Lowe re- 
turned to West Street and has since that 
time been responsible for field studies and 
requirements in connection with the con- 
struction of the outside plant. 

* * * * * 

C. S. Gorpon, Wire Development En- 
gineer of the Outside Plant Development 
Department, completed twenty-five years 
of service in the Bell System on the 
eighteenth of June. After graduation from 
Ohio State University in 1912 with the 
degree of M.E. in Electrical Engineering, 
Mr. Gordon joined the student course of 
the Bell Telephone Company of Missouri 


C. S. Gordon 


at St. Louis. A short time later he trans- 
ferred to the Missouri and Kansas Bell 
Telephone Company where he was en- 
gaged in plant layout work in Kansas 
City, Atchison, St. Joseph and several 
other cities. He then went to the South- 
western Telephone and Telegraph Com- 
pany, first at Houston and then at San 
Antonio, where, in the division engineer- 
ing offices, he was on plant extension work. 

Late in 1916, Mr. Gordon joined the 
Engineering Department of the American 
Telephone and Telegraph Company in 
New York to work on the development of 
outside plant materials. When the De- 
partment of Development and Research 
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was formed in 1919 he continued his work 
in the outside plant development group, 
where he was made responsible for devel- 
opment work on wires for outdoor use, 
lineinsulators and miscellaneous materials. 
In 1927, when the responsibility for the 
development of outside plant materials 
was transferred to the Laboratories, he 
transferred to the newly formed Outside 
Plant Development Department. Since 
then Mr. Gordon has been responsible 
for the development of outside plant wires 
and associated line materials. 

* * * * * 

SEVERAL DAYS were spent by L. R. 
Montfort, D. Robertson and T. A. Taylor 
at Greenville and North Bessemer, Penn- 
sylvania, in connection with a codperat- 
ive study of induction in open-wire tele- 
phone lines from a head-rear train com- 
munication system developed by the 
Union Switch and Signal Company. 
Representatives of the Bessemer and 
Lake Erie Railroad and the Union Switch 
and Signal Company cooperated. 


GEORGE GORMAN 


GeorGE GorMAN, a watchman in the 
building operation group of the Plant 
Department with over eighteen years of 
service, died on June 14. Mr. Gorman 
joined the Engineering Department of the 
Western Electric Company on October 
30, 1918, as a cleaner-in the Building 
Service Department. Previous to this he 


had spent eight years with various com. 
panies in New York City among which 
were the Consolidated Gas Company and 
the Precision Machine Company. For the 
past seven years he had been a watchman 
at the Section A entrance on West Street. 


* * * * * 


L. F. returned from Mt. 
Pocono on May 21 and left shortly there. 
after for Wichita, Kansas, to take part in 
the Type-J carrier system trial. 

In co6PERATION with the Pennsylvania 
Railroad and the New Jersey Bell Tele. 
phone Company, E. A. Potter, V. A, 
Douglas and E. D. Sunde have been con- 
ducting tests in the vicinity of Helmetta, 
New Jersey, in connection with the Mon- 
mouth Junction-South Amboy electrifi- 
cation of the Jamesburg branch of the 
Pennsylvania Railroad which is proceed- 
ing concurrently with the extension of the 
electrification to Harrisburg. 

W. L. Gaines was in Charleston, West 
Virginia, during the week of May 24 on 
the installation of a cathode-ray oscillo- 
graph to measure over-voltage on the 
44-kv. power system of the Appalachian 
Electric Power Company. This installa- 
tion is being made in connection with the 
work of the Joint Subcommittee on 
Development and Research of the Edison 
Electric Institute and Bell System. 

Durine May, H. P. Franz and H. A. 
I*LAMMER were in Washington in connec- 
tion with routine patent matters. 

T. P. Nevitie, N. S. Ewrne and R. T. 
Hotcoms were at the Patent Office in 
connection with the prosecution of certain 
pending applications for patent. 

THE LABorRATORIES were represented in 
interference proceedings in Washington 
by J. W. Schmied before the Court of 
Customs and Patent Appeals, by W. C. 
Kiesel before the Board of Appeals, and 
by W. C. Parnell before the Primary 
Examiner. 

P. C. Smiru, G. F. Heverman and 
F. E. Warp appeared before the Board of 
Appeals at the Patent Office in Washing- 
ton relative to applications for patent. 
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A High-Quality Headset for Monitoring 


By F. S. WOLPERT 


Transmission Instruments Development 


N connection with electrical re- 

cording, transmission, and repro- 

duction of speech and program 
material in the sound picture and 
broadcast fields, the ability to monitor 
in a satisfactory manner at various 
points is essential in the production of 
a high-quality performance. When re- 
cording sound for a talking motion 
picture, for example, it is essential to 
be able to determine at the time the 
recording is made as nearly as pos- 
sible how the sound will be reproduced 
in the theatre when the picture is 
shown. In other words, it is desirable 
to see the action on the set and to 
hear the corresponding sound as it 
would come from the loudspeakers in 
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the theatre. For this purpose, a moni- 
tor room or portable monitor booth is 
frequently provided on the sound re- 
cording stage. There are many cir- 
cumstances, however, such as outdoor 
locations, where the use of a monitor 
room or booth is impossible. It is also 
recognized that greater facility of re- 
cording operations may be obtained 
on the sound stage if the mixer can be 
seated in the open alongside the direc- 
tor rather than in the booth or distant 
monitor room. For these purposes, it 
is necessary to use a pair of head- 
phones for monitoring in place of the 
usual loudspeakers. 

The work of a mixer consists in de- 
termining whether the sound picked 
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Fig. 1—The D-97689 moving-coil receiver as part of the 
D-97690 high-quality headset used for monitoring in the ress has been made 


sound picture and broadcast fields 


up by the microphone will make a 
suitable sound record, adjusting the 
volume to a suitable amount, and 
making sure that no undesirable 
sounds are picked up. In addition to 
his own personal judgment of sound 
quality he must be equipped with 
sound reproducing apparatus capable 
of giving him a faithful indication of 
the sound transmitted to the record- 
ing machine. Very similar to the 
sound recording job is the work of the 
technician in operating speech input 
equipment in broadcast studios or re- 
mote pickup points. In transmitting 
the program material over telephone 
lines, such as the extensive nation- 
wide networks, it is important that 
the test room forces at the various 
intermediate offices be able to check 
the quality of transmission in connec- 
tion with identifying and locating 
troubles and other service difficulties. 
Up until recently it has been neces- 
sary, in order to monitor on a high- 
quality basis, to make use of loud- 
speakers comparable with those used 
in theaters and high-grade radio re- 
ceiving sets. The headphone receivers 
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which have been avail- 
able for monitoring 
purposes have not been 
satisfactory for a qual. 
ity job. Most tele. 
phone receivers in com- 
mon use give rather 
low response at low fre- 
quencies, a high peak 
in the neighborhood of 
1000 to 2000 cycles, 
and extremely low re- 
sponse at frequencies 
above these. 
Considerable prog- 


within the past few 
years in the develop- 
ment, design, and man- 
ufacture of moving coil receivers for 
various applications. These receivers 
are characterized by a wide frequency 
range, uniform response, and very 
little non-linear distortion, so that 
they are particularly suitable for use 
in monitoring sound records. A re- 
ceiver of this type, known as the 
D-97689, has recently been developed 
particularly for this purpose. It is in- 
tended to replace the less efficient and 
more expensive moving coil receivers 
previously available. A photograph of 
the new receiver forming part of the 
D-97690 «high-quality headset is 
shown in Figure 1. 

The construction of the receiver is 
shown in Figure 2. The moving coil 
element is made of aluminum ribbon 
wound on edge and insulated with a 
varnish enamel which serves also as 
an adhesive for holding the adjacent 
turns together. It is cemented rigidly 
to the diaphragm and the leads are 
brought out between paper insulating 
washers. The coil is located in the air 
gap of the magnetic field produced by 
a permanent magnet of cobalt steel. 
The gap is between an outer pole plate 
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and an inner dome-shaped pole piece, 
which are concentrically aligned to 
make the gap uniform. 

The diaphragm is made of dura- 
lumin and has a dome-shaped center 
portion which extends to the inner 
edge of the coil. Beyond the coil the 
diaphragm is so shaped that its effec- 
tive radiating area and its efficiency 
are increased. The flexible outer sur- 
face is held around its periphery by 
the clamping elements of the receiver 
frame. The diaphragm and coil vi- 
bratesubstantially asa piston through- 
out the desired frequency range and 
are relatively free from other modes 
of vibration. 

The action of the diaphragm under 
the influence of the varying current in 
the moving coil depends on the char- 
acteristics of the diaphragm, of the 
air chambers in front of and behind it, 
and of the air chamber formed be- 
tween the cap and the ear. The over- 
all frequency response characteristic 
of the instrument depends largely on 
the design of these elements. By suit- 
ably proportioning these parts the re- 
sponse may be made to approach very 
closely to the necessary requirements 


for modern sound picture recording. 

The characteristics of the dia- 
phragm and coil alone can be repre- 
sented electrically as a simple reso- 
nant circuit of resistance, inductance 
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Fig. 3—Equivalent electric circuits corre- 
sponding to the moving-coil receiver: above, 


for the coil, diaphragm, and ear cavity; 
below, circuit for the complete receiver 


and capacitance, as shown in the 
upper part of Figure 3. The induc- 
tance represents themass of diaphragm 
and coil. The two capacitances repre- 
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Fig. 2—Cross-section of the D-97689 moving-coil receiver 
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sent the stiffness of the diaphragm 
and that of the ear cavity. The re- 
sponse of these elements, as measured 
on a closed coupler, would be similar 
to the Curve A of Figure 4. 

The chamber below the diaphragm 


is totally enclosed except for an 


istic curve for a receiver of this type. 
The characteristics obtainable with 

a moving coil receiver are very flexible 
since the design of the acoustic net. 
works associated with the diaphragm 
may be readily modified without 
changing the overall dimensions. Once 
the fundamental re- 
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quirements to be met 
by a receiver are 


known, it is possible to 


on ~ 


obtain the character- 


‘ Hos 


istics desired by chang- 
ing the design of these 


elements. In the 


RELATIVE RESPONSE IN DECIBELS 
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D-97689 monitoring re- 
ceiver they were ad- 
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100 200 500 1000 2000 


FREQUENCY IN CYCLES PER SECOND 


Fig. 4—Frequency-response characteristics for the D-97689 

receiver: curve “‘A” shows the response of diaphragm, coil, 

and ear cavity alone; and curve “B” shows the response char- 
acteristic of the complete receiver 


acoustic resistance element consisting 
of a series of holes covered by a silk 
screen. A rubber gasket is provided 
to seal off this air chamber and to hold 
the acoustic resistance unit firmly in 
place against the pole-plate. 

The air chamber in front of the 
diaphragm is enclosed except for a 
group of small holes in the dome- 
shaped center portion of the cap grid. 
It is through these holes that the 
sound waves pass after leaving the re- 
ceiver diaphragm. They also provide 
additional resistance, mass, and stiff- 
ness, which affect the response of the 
receiver. A layer of bolting cloth 
placed over the grid holes excludes 
metallic dust from the interior of the 
receiver and helps to protect the dia- 
phragm from injury. The equivalent 
electrical circuit for the complete re- 
ceiver is shown in the lower part of 
Figure 3. Curve B of Figure 4 shows a 
typical frequency-response character- 
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justed to produce sub- 
stantially uniform 
pressure in the ear 
chamber over a fre- 
quency range from 100 
to 6000 cycles. 

The receiver unit is 
housed in a black phenol plastic case 
with spring contacts to engage flat 
strips terminating the coil leads on the 
receiver. A sponge rubber ear-piece is 
cemented to the metal cap, and serves 
to reduce external noise and also to 
improve the low frequency response 
by providing a tighter seal between 
the receiver and the ear. The receiver 
is slightly larger than the monitoring 
receivers of previous design, but it is 
about 15% lighter. 

Many favorable comments have 
been received from sound technicians 
in the motion-picture field on the per- 
formance of these receivers when used 
with monitoring circuits. Consider- 
able thought has been given to simpli- 
fying their manufacture, and their re- 
sulting lower cost, compared with 
moving coil receivers of previous de- 
signs, opens up many fields of use, 
particularly where high quality is of 
prime importance. 
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Carrier for Coaxial Groups 


By L. C. PETERSON 


Carrier Transmission Research 


N the million-cycle experimental 

coaxial system, twenty groups 

each comprising twelve voice chan- 
nels can be transmitted over the line. 
One of the groups is transferred di- 
rectly to the coaxial conductor, but 
the other nineteen are passed through 
group modulators, which raise them 
to successive positions in the fre- 
quency spectrum, resulting in a top 
frequency of 1020 kilocycles. A large 
number of carriers is needed to supply 
these modulators and demodulators, 
and the photograph at the head of 
this article shows what might be 
called the heart of the carrier supply. 
It consists of a small ferromagnetic 
coil with a core of permalloy tape 
weighing only three grams. Despite 
its small size, this coil supplies one 
complete system terminal, consisting 
of nineteen group modulators and de- 
modulators, with sufficient carrier 
power without amplification. 

The frequencies of the carriers are 
the odd harmonics of 24 kilocycles, 
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extending from the ninth to the forty- 
fifth, inclusive, and the problem in de- 
signing the carrier supply was to pro- 
duce the carriers at approximately 
equal levels and of such magnitude as 
to give proper modulator and de- 
modulator performance; about six 
milliwatts of each carrier is required. 
After a careful study of the require- 
ments, it was decided that the most 
satisfactory method would be har- 
monic production by use of a ferro- 
magnetic coil. 

The circuit for such a method is 
shown in somewhat simplified form in 
Figure 1. Here £ is a source of funda- 
mental frequency, RI the internal re- 
sistance of the source, and R2 is the 
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R2 


Fig. 1—Simplified schematic of the har- 
monic producer circuit 
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load resistance. The condenser ci and 
coil L1 form a sharply tuned circuit 
to make the output of the generator 
practically a pure sine wave of the 
proper frequency, and also to pre- 
vent harmonics generated by the har- 
monic producer from flowing back to 
FLUX 


DENSITY 
B 


FIELD INTENSITY 


Fig. 2—Variation of magnetic flux with 
current in the harmonic producing coil 


the generator. The coil shown in the 
photograph at the head of this article 
is L2, and this coil, in conjunction with 
condenser c2, supplies the harmonics 
that are desired. 

The relation between the magnetic 
flux density of such a coil and the cur- 
rent flowing in the winding is shown 
in Figure 2. Increasing currents fol- 
low the right-hand side of the loop 
shown, and decreasing currents, the 
left. The area of the loop itself, which 
represents hysteresis loss, is of second- 
ary importance in this application. 
The inductance of the coil which is of 
primary concern here is proportional 
to the slope of the curve, and thus is 
very high for low values of current, 
and then within a very small range of 
current becomes nearly zero as the 
curve itself becomes horizontal. Since 
this coil is connected across the out- 
put of the fundamental frequency of 
24 kilocycles, its inductance changes 
from high to low and from low to high 
twice for each cycle. This inductance 
is high while the current through it is 
low and low for the longer period 


As a result of this change in in. 
ductance with change in current, the 
current flowing into the condenser ¢ 
and hence through the load resistance 
R2, is as represented in Figure 3. At the 
beginning of a cycle the current into 
L2 will be small, and the inductance of 
the coil will be high, so that the coil 
exerts very little shunting action, and 
most of the output of the generator 
will flow into the condenser c2 to 
charge it. This is the interval a-p of 
Figure 3. As the knee of the magneti- 
zation curve is reached, however, the 
inductance of the coil rapidly falls, 
and hence it quickly introduces a 
greater and greater shunting effect, 
with the result that not only does 
practically all of the output of the 
generator flow into it, but the con- 
denser discharges through it, as well, 
thus producing the large peak in the 
interval B-c. For the rest of the half 
cycle, the coil continues to be prac- 
tically a short circuit, so that the cur- 


after the current has passed the knee Fig. 3—Wave form of current in the output 


of the magnetization curve. 
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rent through the condenser remains 
zero. When the second half of the 
cycle begins, at point D, a similar cycle 
of current begins, which is identical to 
the first except for the fact that the 
direction of the current is reversed. 

A peaked wave such as shown in 
Figure 3, where the ac- 
tual current cycle oc- 
cupies only a_ small 


terminal, from which a 24-kilocycle 
current is selected by the band-pass 
filter. Following this the fundamental 
is amplified by two power pentodes in 
push-pull connection. The amplifier 
works in an overloaded condition ‘to 
insure good stability with respect to 
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fraction of half the 24-KC 

CHANNEL AND- 
period of the funda- HARMONIC PASS 
mental frequency, in- | FILTER 


cludes odd harmonics 
of the fundamental, 
and the harmonics will 
allbeof approximately 
equal value up to very 
high frequencies. By use of a group of 
crystal filters in the output circuit, 
the odd harmonics from the ninth to 
the forty-fifth are selected to form the 
carrier supply. The sharp peak of the 
current curve passes through the coil 
while its core is saturated. Since there 
is no change of flux with time in the 
saturated region, there is no contribu- 
tion to the eddy current loss by the 
core, and thus the efficiency of fre- 
quency transformation is high. 

The arrangement of the circuit for 
the experimental system between New 
York and Philadelphia is shown in 
Figure 4. The source of supply is the 
harmonic producer of the channel 
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Fig. 4—Harmonic producing circuit for the coaxial installa- 
tion between New York and Philadelphia 


small variations in the 24-kilocycle 
input. The amplifier output consists 
of a tuned transformer, which has a 
large attenuation for harmonics of 24 
kilocycles. Further discrimination is 
obtained by the tuned circuit consist- 
ing of ci and 11. The harmonic pro- 
ducing coil itself has two windings so 
that the impedance of the primary 
matches the amplifier at the funda- 
mental, and that of the secondary 
matches the filter for the harmonic 
frequencies. The coaxial jack shunting 
the resistance in the primary circuit 
provides a means of measuring the 
primary current and thus of checking 
the tuning condition. 
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Fig. s—The harmonic output remains nearly constant with appreciable changes in 
level of the input frequency and of the plate-battery voltage 
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This new harmonic producing cir- 
cuit has proved very satisfactory. 
Measurements have shown not only 
that the harmonic output is very uni- 
form, but that its stability with re- 
spect to variations in the 24-kilocycle 


input power and plate-battery voltage 
is high. Actual curves for the twenty- 
first harmonic are shown in Figure 5 
where the small variation of the out. 
put with battery voltage and with 24. 
kilocycle input is plainly evident. 


Service Trial of Coaxial System 


A service trial of the coaxial-cable system between New 
York and Philadelphia was initiated April nineteenth by 
routing over it twenty-seven toll message telephone circutts. 
Sixteen of these terminated in Philadelphia and eleven 
were to other points farther south. During the trial the 
regular facilities were held in readiness for return to 
service. 

The operation was generally satisfactory for the first four 
weeks of the trial and only a few troubles of short duration 
occurred. About May twentieth some variations in trans- 
mission appeared which demanded detailed investigation 
and a return of the circuits to their original facilities. Most 
of the troubles were associated with the automatic devices 
for regulating transmission. The defective parts were re- 
placed and the circuits again routed over the coaxial system 
from May twenty-seventh to Fune first, when the system 
was required for other development tests. 

During this period, there were several days on which one 
of the coaxial channels supplied facilities for commercial 
voice_frequency telegraph circuits. These telegraph circuits 
operated satisfactorily and created no disturbances on the 
telephone channels. The coaxial channels were also used 
for the experimental transmission of some telephotographs. 
This transmission was satisfactory except for some ex- 
traneous patterns introduced by the sixty-cycle power 
supply of the amplifiers along the route. 

In general the troubles which were experienced, although 
they were individually unpredictable, were all of types 
normally to be expected with a radically new system. They 
do not affect the ultimate development of a satisfactory 

system for commercial service. 
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Group Terminal 
for the 


Coaxial System 


By A. G. JENSEN 
Carrier Transmission Research 


N broad-band carrier systems a 

number of voice channels, each in- 

cluding frequencies from say 200 
to 3300 cycles, are raised by modula- 
tion to successive bands higher in the 
frequency spectrum. In the present 
experimental coaxial system a number 
of considerations led to the selection 
of a transmitted band extending from 
60 to 1020 kilocycles over which 240 
voice channels, each occupying a 4- 
kilocycle band, are distributed. The 
obvious, straight-forward method— 
following the practice of present open- 
wire carrier systems—would be to 
provide 240 carriers spaced 4 kilo- 
cycles apart to modulate the suc- 
cessive voice bands, but such a system 
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has some very serious disadvantages 
when used with so wide a range of 
frequencies, and as a result double 
modulation was decided upon as 
offering considerable simplifications 
and economies. 

The 240 voice channels that the 
system provides are divided into 
twenty groups of 12 channels each. 
Each of these channels is modulated 
by the same channel equipment used 
for the other broad-band systems, 
thereby placing it in the frequency 
band from 60 to 108 kilocycles. The 
crystal filters of the channel equip- 
ment, because of their rapidly rising 
attenuation beyond the cut-off point, 
allow no appreciable currents at fre- 
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quencies below 60 or above 108 kilo- 
cycles to leave the terminal. One of 
these 48-kilocycle bands is put di- 
rectly on the coaxial line to form the 
lowest part of the transmitted band, 
while the other nineteen are modu- 
lated a second time and raised to suc- 
cessive positions one above the other 
beginning at 108 kilocycles. 

This second modulation is called 
group modulation. The frequency 
separation between the lower and 
upper sidebands resulting from modu- 
lation is always twice the lowest fre- 
quency of the modulated band. Thus 
if this lowest frequency is fairly high— 
60 kilocycles in the broad-band sys- 
tems—the sidebands of the group 
modulation are separated by 120 kilo- 
cycles, and discrimination by inex- 
pensive coil and condenser filters is 
simple with this wide separation. To 
bring the successive groups after mod- 
ulation into adjacent positions in the 
frequency spectrum, the carrier for 


the first modulated group must be 
twice the upper frequency of the un. 
modulated group, or 216 kilocycles in 
the present case, and the subsequent 
carriers will be separated by the width 
of the group, or 48 kilocycles (108-60), 

The use of double modulation, how- 
ever, requires a careful selection of 
the width and lower frequency limit 
of the basic group. As has already 
been pointed out, the lower frequency 
of the group determines the separa- 
tion of the sidebands resulting from 
group modulation, and must be con- 
sidered in relation to the upper fre- 
quency to be transmitted and the 
characteristics of economical filters. 
The width of the band, on the other 
hand, must be studied with the ob- 
ject of avoiding modulation products 
that might fall in the pass bands of 
other groups, and thus cause distor- 
tion. In the modulation process each 
frequency present modulates every 
other to produce sideband frequencies, 
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and the values of the frequen- 
cies undergoing modulation in 
a single modulator must be 
such that all but the modula- 
tion products of the carrier 
and the desired band will fall 
outside of the transmitted 
band or be sufficiently attenu- 
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ated to avoid interference. 

As an example of the sort of 
thing that might happen, con- 
sider a basic group with an 
upper frequency that is k 
times the lower. The lower 
sideband frequency resulting 
from the modulation of the 
upper and lower frequency of 
the band will, of course, be the 
difference between these two 
frequencies, so that if the 
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Fig. 1—Simplified diagram of the group modulator 
and demodulator used in the coaxial system 
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lower frequency is f and the 
upper is kf, the difference will 


be (k-7)f. Obviously if & 1s 
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Fig. 2—The group modulator, demodulator, and group filter 
used with the coaxial system 


greater than 2, this modulation prod- 
uct will be greater than f and less than 
kf, and will thus fall back into the 
transmitted group. It was only after a 
consideration of all such factors that a 
satisfactory frequency arrangement 
for double modulation could be de- 
termined. Another controlling factor 
is the desirability of having all the 
carrier frequencies harmonics of a 
fundamental frequency so as to insure 
a constant relative frequency. 

Even with the most careful selec- 
tion of the channel and group carriers 
there will always be higher order 
products falling right back into the 
sideband to be transmitted, and the 
modulators must be designed in such 
a way as to keep these products some 
60 or 70 db below the wanted side- 
band. With a single-channel modu- 


lator, the requirement 
in this respect is only 
30 or 40 db. The de- 
sign finally decided on 
for the group modu- 
lator is a_ balanced 
vacuum-tube circuit of 
very much the same 
general type as the 
earlier single channel 
modulators used with 
the type C carrier sys- 
tems. Because of the 
higher frequency range 
and broad band, how- 
ever, many special pre- 
cautions had to be 
taken in the choice of tubes, the de- 
sign of transformers, and in the selec- 
tion of operating levels to meet the 
stringent requirements. 

A simplified diagram of a group 
modulator and demodulator is shown 
in Figure 1, while Figure 2 shows 
the finished modulator-demodulator. 
It is of the conventional conjugate in- 
put type, which allows the carrier to 
be balanced out in the output. The 
tubes used in the modulator are so- 
called power pentodes, which have an 
inherently small grid-to-plate capacity 
and therefore lend themselves to work 
at these frequencies without undue 
feedback between grid and plate cir- 
cuit. Even so, a special resonant cir- 
cuit is inserted in the mid-band of the 
plate circuit to minimize carrier feed- 
back. To produce a good impedance 


Fig. 3—Schematic circuit of the group filters used with the coaxial system 
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match between the circuits connected 
to the modulators and the modulators 
themselves, the input and output 
transformers are designed with as high 
a step-up as possible consistent with 
maintaining a properly flat trans- 
mission level through the band. 

The carriers used for these modu- 
lators are produced as odd harmonics 
of 24 kilocycles by a special carrier 
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Fig. 4—Attenuation-frequency character- 
istic of the group filters 


generator followed by selective carrier 
filters, and are supplied through 
tuned transformers as shown in the 
diagram. Each carrier is located 60 
kilocycles above the upper edge of the 
transmitted sideband. In group modu- 
lator No. 5, for example, the carrier 
frequency used is 408 kilocycles, thus 
producing a wanted lower sideband lo- 
cated from 300 to 348 kilocycles and 
an unwanted upper sideband from 468 
to 492 kilocycles. The upper sideband 
is cut off by the group filter following 
the modulator. 

A schematic circuit diagram for the 
group filter is shown in Figure 3. Al- 
though the arrangement of the ele- 
ments is conventional, it has been 
necessary to take special precautions 
in shielding the elements and their 
leads so as not to destroy the trans- 
mission characteristics by the dis- 
tributed capacitances of the elements 
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to ground. The attenuation-frequency 
characteristic is shown in Figure 4, 

As already mentioned, the function 
of the group filters is to cut off the 
upper sideband resulting from the 
group modulation, and since this 
upper sideband is 120 kilocycles from 
the lower sideband, the cut-off of the 
filter need not be very sharp. In this 
respect, therefore, the gradually slop. 
ing sides of the filter are satisfactory, 
The impedance characteristic of the 
filter, however, is roughly the same as 
the attenuation characteristic. Over 
the pass band the impedance is low 
and it increases gradually on each 
side. As a result it is still low for some 
distance beyond cut-off, so that if 
the filters for all groups were con- 
nected in multiple, each filter would 
have more or less of a shunting effect 
on the filters on each side of it. 

To avoid this condition, the groups 
are divided into two sets—one con- 
sisting of the odd, and the other of the 
even, numbered groups. These two 
sets are separated by hybrid coils, so 
that the frequencies from each set of 
groups can pass readily to or from the 
line but not into the other set. The re- 
sulting arrangement of the terminal 
equipment is indicated by Figure 5, 
which is a block schematic of equip- 
ment provided for the experimental 
project. Here it will be noted that 
each group of both sets has its group 
filters in both incoming and outgoing 
sides, and that the equipment of all 
groups is alike in arrangement except 
for groups 1 and 2. The difference in 
arrangement of these two groups is 
made necessary for two reasons. First 
the separation between groups 1 and 
2 is only 400 cycles instead of the 1000 
cycles between all the other groups. 
The upper frequency of group 1, 
which does not undergo a second, or 
group, modulation, is 107.8 kilocycles, 
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while the lowest frequency of group 2 
ig 216—107.8, or 108.2 kilocycles, as 
already explained.* As a result, 
sharper discrimination is required be- 
tween these two groups than between 
any of the other groups. 

The second point of difference is 
that since there is no group modula- 
tion for group 1, the level of the in- 
coming signals in group 1 will be less 
than that of the other groups by the 
amount of amplification provided in 
the demodulator. To make up this 
difference, an amplifier is provided in 
the incoming side of group 1. The ad- 
ditional discrimination is obtained by 
employing crystal low-pass filters for 
group I, and crystal high-pass filters, 
in addition to the band pass filters, in 
group 2. The entire discrimination be- 
tween all other adjacent speech chan- 
nels is provided by the sharp edged 
crystal filters which are part of the 
channel equipment. 

Although the coaxial system is de- 
signed to handle 240 channels in 
twenty groups, equipment for only 
seven groups has been provided in the 
experiment.tl installation. These are 
groups I, 2, 6, 8, 9, 10 and 20 as indi- 
cated in Figure 5, but by connecting 
groups of twelve voice channels to 
these various groups, it is possible to 
gauge the performance of the entire 
system. The complete group equip- 
ment for the experimental installa- 
tion is mounted on three bays; the in- 
stallation at the New York terminal is 
shown at the head of this article. 

The input of the modulators and 
output of the demodulators are all 
carried to special coaxial jacks shown 
on the jack panel on the center bay. 
On this jack panel also are trunks 
from the channel equipment, and 
trunks to the terminal amplifier bays. 
This jack panel therefore serves as a 
*REcoRD, May, 1937, p. 274. 
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general patching field for intercon- 
necting the different channels and 
groups, and for connecting the termi- 
nal to line and repeater equipment. 
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Fig. s—Block schematic of the group termi- 
nal equipment 
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